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Abstract: This study wants to establish the effects of urban waste water irrigation on the 
cultivation of rice for heavy metal contamination: in particular, copper (Cu), iron (Fe) and zinc (Zn). 
The research studies the evolution along an irrigation line, so take nine plots along it, and the levels of 
these elements is checked, in root, stem and grain. It is compared with other irrigation waters from 
different sources, with the parallel study, which analyzed other soil and water in order to determine 
the interaction soil-plant-water. Finally, under the conditions of the experiment, basic soils and 
Mediterranean conditions do not pass the relevant quantities that could endanger the consumer. 
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INTRODUCTION 
 
This research studies the evolution along an irrigation line to the consequences that 
the use of reused water in urban areas (with a secondary treatment) can result in a specific 
crop, in this case rice (Oryza sativa L.), and in the middle of crop. In the experiment, it is 
always considered a possibility of cultivating as a filter for heavy metals. The novelty of this 
study with respect to previous ones on the reuse of urban wastewater in agriculture and their 
effects on crops and the environment, is just follow the linear evolution (spatial) of the 
chemical parameters of flooded soils for growing rice.  
In the analysis not only considers the spatial evolution but also the temporal, 
comparing the results obtained from samples taken before and after harvest of rice cultivation 
for several campaigns.  
The study of heavy metals in wastewater for irrigation of rice and its possible 
consequences has been done for decades, like the one made in 1959 in Japan, Asami and 
Kumada.  
In Italy, Barbafieri et al., in 1996, showed that the soil to a greater or lesser extent, 
acts as a barrier for heavy metals, accumulates them, and prevents their transfer to the crop 
and hence the man as a consumer.  
The analysis of Simmons from the comments of W. Van der Hoek for heavy metals 
and cadmium in the rice food chain is very important and it gathers from research conducted 
in Japan and China over the past 40 years.  
A particularly interesting study of the similarities with the present one, is that 
conducted by Kwun, and Cheng Yoon, Konkuk University in South Korea during May and 
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September 1998 which recommended the reuse of wastewater irrigation of this crop but 
controlling the input of heavy metals. The study was conducted in PVC pots 90 cm in 
diameter occupied a complete cycle of the crop, were subjected to four treatments with a 
control that is irrigated with clean water and conventional fertilization. Of the four 
treatments, one was irrigated with wastewater, one with conventional fertilization, others with 
half of that, the other two without fertilization but in a diluting the wastewater to reduce the 
high total nitrogen content. We measured plant height, leaf area and the degree of tilling, at 
intervals of seven days beginning in August. At harvest, once dried samples were measured 
panicle size, stem length and crop yield. Also, heavy metals were measured in the grain 
without husk, not yielding any significant results in this regard.  
Ultimately from the literature reviewed, despite the drawbacks and with proper 
management, reuse of treated water in rice is not only sufficient to cover crop water 
requirements as is often found near industrial and urban areas high water needs, but also 
involves preserving the ecosystem of wetlands and their use in irrigation of rice is a form of 
purification that avoids having to pour water of poor quality on environmentally sensitive 
areas. This is also confirmed by a study conducted in Japan over three years by Zulu et al. 
Niigata University. 
 
MATERIALS AND METHODS 
 
The analysis of the effects that cause the applied treatments on the rice plant was 
studied from the point of view of heavy metal content (Cu, Fe and Zn), but also from the 
points of morphological and nutritional investigating the grain on one side and the other stem 
and leaves. 
Are made throughout the growing season in field inspections, but at the end of the 
cycle, the harvest, when samples are collected and analyzed in the laboratory. 
The nutritional status of plants can be determined by using an appropriate analysis to 
be easily detectable foliar nutrient status such as nitrogen, phosphorus, potassium and heavy 
metals. 
The rice has established nutrient levels, which are compared with the results. 
Therefore of great interest to determine the mineral composition and how it is affected by the 
treatments in question. Thus, in the following table to express the thresholds which manifest 
deficiencies or toxicities of some elements in the rice: 
Tab.1 
Critical Values of toxicity or deficiency of various elements in the rice plant 
 (adapted from Tanaka and Yoskar, 1970) 
 
Element Deficiency or 
Toxicity 
Vritic concentration 
(ppm) 
Part of plant Vegetative state 
Iron Deficiency 
Toxicity 
70  
300  
leaves 
leaves 
Growth 
Growth 
Zinc Deficiency 
Toxicity 
10  
1500  
grain 
stem 
Growth 
Maturity 
Copper Deficiency 
Toxicity 
6  
30  
stem 
stem 
Maturity 
Maturity 
 
The plots are found in gardens in the southern area of the city of Valencia, in a flat 
area. The altitude of the plateau decreases to the south of Valencia, where it begins the 
depression occupied by the waters of Lake Albufera. The Albufera runs parallel to the coast 
71 
from north to south over a length of 15 km, separated from the Mediterranean Sea by a 
narrow strip of sandy soil.  
In this election, the plots has been taken into account, their situation along a line of 
irrigation, but has also been chosen plots irrigated with water similar but different to 
compare. The sample plots were selected randomly keeping in mind the discriminant spatial 
variability of soil to assess, as it sought to be sufficiently separated to detect possible changes 
in parameters, although other criteria were considered as control: the subscriber, the cultivar, 
etc.  
We choose nine plots in the area, four of which are irrigated only with water from the 
plant found along the same line of irrigation (plots 2, 3, 4 and 5), another with water from the 
lake (parcel 9), one with very poor water quality of another irrigation ditch called Favara 
(Plot 1), two (plots 6 and 7) another where sewage water is mixed with water from the ditch 
and finally the plot number 8 to receive three types of water (Favara, sewage and lagoon). 
The irrigation line is important for the study, as may occur or not a nutrient drag from 
one plot to another. The parcel number 1 receiving waters mainly ditch Favara, No. 2 
receives water directly from the issuer of the treatment plant and continue throughout the 
irrigation line to the plot in June, although in the latter, it is mixed with water from other 
sources through the ditch Nova (Favara and sewage) as occurs in the plot in July. While the 
last two plots receive water mainly from the lagoon. Thus, the plots of the same irrigation line 
clearly aims to detect one of the objectives of this study: whether or not drag items from one 
field to another. The plots chosen (from second to sixth) were irrigated with water from the 
plant of Pinedo. On plots 6, 7 and 8 can not be assured the proportion at some point that 
makes up the mixture with water from other sources. Also, since the plot in June, and 
including, the fields are the effects of "perellonà."  
 
Methods of determination in plant tissues  
Are taken by cutting plants at the base of the stem at ground level, without removing 
the roots. Spread over the desk, where leaves and stems are separated from the panicle, and 
then collect the beans. These two parts, grain and stem and leaves were analyzed separately.  
The leaves and stems selected for analysis were all that made up the ground in each of 
the sampling, well formed, without significant morphological damage. We pursue two 
objectives: one related to the need to have a sufficient sample amount for analysis and 
repetitions of the same for each plot, and another, which is considered most important, get an 
overview of the nutritional status and activity crop as a whole, since the composition of the 
stem or the leaves may vary according to their position in the plant, thus avoiding bias in the 
results on the mode and place the plant where sampled.  
The first determination was that of the fresh matter mass of the set of all digital 
balance sheets. It gives insight into the development and exuberance achieved by each plant. 
After washed with water and phosphate-free soap, and deionized water, subjecting the sample 
to a drying oven with forced air circulation to 60oC to constant mass. The leaves and stems 
dry and the grains are homogenized with a blade metal grinder (MAPA, 1994) stored in 
plastic containers for subsequent determinations at the earliest.  
 
Methods of determination of trace elements or heavy metals  
In from mineralized calcination, was analyzed for Cu, Fe and Zn by atomic absorption 
spectrophotometry in the same operating conditions for the soil, drawing to do a calibration 
line for each chemical element. 
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RESULTS AND DISCUSSIONS 
 
Copper 
It seems that no copper comes mainly from water treatment plants. However, it could 
happen that copper crop water passes through the canals and through them to the lake, this 
hypothesis is compatible with copper concentrations in the waters of the last plots. 
 
Tab. 2 
Concentrations of copper obtained in the waters of the canals and the parcels of the crop during the flood, 
expressed in ppm. 
 
Plot 1A 2A 3A 4A 5A 6A 7A 8A 9A 
In the plot 0,001 <0,001 <0,001 <0,001 <0,001 0,001 0,003 0,002 0,006 
In the canal 0,016 <0,001 <0,001 <0,001 <0,001 0,014 0,010 0,005 0,037 
 
To support this hypothesis we have analyzed the data supplied by the Ministry of the 
Environment for the year at the point of the lagoon where the water discharging ditches in the 
area of study in them shows that the highest values are given end for May (0.007 ppm), a 
period in which they can use plant protection products containing copper (Tab. 3) 
 
Tab. 3 
Values of copper in water in ppm at point of discharge of the canals of the study area on the lake  
(Conselleria de Medi Ambient). 
 
Date 04/02 19/02 12/03 23/04 21/05 29/07 20/08 16/09 24/10 02/12 27/12 
Cu 
(ppm) 
<0,001 <0,001 0,003 <0,001 0,007 0,001 0,001 <0,001 <0,001 <0,001 <0,001 
 
The average concentrations of copper produced in plants at the time of harvest 
expressed in ppm (Tab. 4) 
Tab. 4 
Copper in the plant in ppm. 
 
Plot 1st year 
grain 
1st year 
stem 
2nd year 
grain 
2nd year 
stem 
3rd year 
grain 
3rd year 
stem 
3rd year 
roof 
1 0,05 3,10 6,60 3,45 6,45 2,20 32,58 
2 3,70 1,50 40,25 3,65 0,60 2,00 29,92 
3 1,20 2,30 1,30 3,05 0,35 1,25 19,00 
4 2,50 2,25 1,45 2,05 0,60 1,35 17,42 
5 0,95 1,60 0,35 1,40 1,60 1,70 15,83 
6 1,70 0,95 0,50 2,00 1,85 1,05 14,67 
7 2,65 1,35 0,45 2,30 0,25 0,55 15,00 
8 0,00 1,50 0,70 1,50 0,45 1,20 15,00 
9 2,00 1,90 0,85 2,55 2,35 1,55 18,00 
 
Still does not reach beyond the levels of toxicity of copper, which are considered in 
the stem above 30 ppm. From the data obtained it appears that copper is concentrated in the 
roots is more difficult to reach dangerous levels in stem and grain, a fact which suggests that 
the rice root system can act as an extractor of copper in soils. 
Abnormal levels detected for that year of the grain from plot 2 are related with high 
values of copper in soils but do not correspond to those detected in water, this may be 
because water samples are performed in a non-continuous or either the previous explanation 
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that speaks of an external source of copper (probably a pesticide) that is not related to the 
supply of water. 
  
Iron 
The concentrations of iron in the water both in the ditches and in the fields are below 
the recommendations of the US-EPA for continuous irrigation of 5 ppm, the maximum 
allowable by FAO for irrigation water is also 5 ppm, and of course lower concentration limits 
marking the Royal Decree 849/1986 of 2 ppm. 
 
Tab. 5 
Concentrations of iron obtained in the waters of the canals and the parcels of the crop during the flood 
 in June expressed in ppm. 
 
Plot 1A 2A 3A 4A 5A 6A 7A 8A 9A 
In the plot 0,362 0,264 0,512 0,328 0,856 1,352 0,707 0,914 0,252 
In the canal 0,324 0,169 0,294 0,237 0,624 0,830 0,147 0,456 0,171 
 
Here we see that in all plots iron concentrations are higher in roots and stems that 
point. These values in general can be considered within the normal, lightly touching or 
exceeding the critical levels (300 ppm in stems) any of the years in plot 9 and instead 
reaching the levels of deficiency (<70 ppm) in some cases in the year 3rd year in plots 2 and 
3. 
Tab. 6 
Iron in la planta in ppm. 
 
Plot 1st year 
grain 
1st year 
stem 
2nd year 
grain 
2nd year 
stem 
3rd year 
grain 
3rd year 
stem 
3rd year 
roof 
1 ---- 264,40 66,35 163,50 78,55 111,20 153,90 
2 46,85 110,10 13,25 123,10 38,50 63,05 88,84 
3 79,75 239,40 36,20 207,60 45,30 56,70 122,61 
4 20,15 134,65 30,05 66,90 46,25 70,30 82,87 
5 14,80 99,40 20,45 92,95 58,45 98,95 86,63 
6 17,60 94,35 14,65 120,30 75,80 76,80 89,89 
7 17,85 130,30 14,95 101,30 33,90 72,80 77,87 
8 ---- 142,10 31,70 187,55 93,20 84,65 115,70 
9 28,90 309,40 39,95 206,45 82,25 89,35 140,92 
 
Zinc 
Zinc concentrations in water are well below maximum allowable concentrations 
recommended by FAO for irrigation water (2 ppm) and the limits established by Royal 
Decree 849/1986 (3 ppm). In addition to the increase in pH decreases the toxicity of zinc. 
But despite the low levels of zinc in the water, it seems to confirm the hypothesis that 
water is the source of the highest concentrations of zinc in the plots. That is, the plots that 
have more zinc concentrate in the soil are those that receive water with higher levels of zinc, 
those of the treatment plant. Concentration progressively decreases in the ditch and in the 
soils of plots with increasing distance from the exit of the filter. 
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Tab. 7 
Concentrations of zinc obtained in the waters of the canals and the parcels of the crop  
during the flood in June expressed in ppm. 
 
Plot 1A 2A 3A 4A 5A 6A 7A 8A 9A 
In the plot 0,015 0,020 0,010 0,010 <0,010 <0,010 <0,010 <0,010 <0,010 
In the canal 0,016 0,036 0,018 0,017 <0,010 <0,010 <0,010 <0,010 <0,010 
  
Tab. 8 sows the average concentration of zinc produced in plants at harvest time 
expressed in ppm. 
Tab. 8 
Zinc in the plant in ppm. 
 
Plot 1st year 
grain 
1st year 
stem 
2nd year 
grain 
2nd year 
stem 
3rd year 
grain 
3rd year 
stem 
3rd year 
roof 
1 --- 35,16 22,61 23,81 29,19 22,03 90,09 
2 27,56 21,15 17,93 31,86 35,70 16,08 81,69 
3 22,75 22,03 21,16 23,33 21,09 19,28 101,71 
4 23,93 27,61 17,62 8,97 21,94 15,05 78,68 
5 20,54 18,21 16,90 17,39 23,74 12,67 67,76 
6 24,64 14,76 15,16 8,18 22,62 13,71 88,48 
7 25,81 16,29 19,20 13,24 23,07 17,33 88,62 
8 --- 18,64 19,66 12,68 35,60 22,46 66,15 
9 25,31 17,63 28,12 31,85 29,62 17,77 98,14 
 
The values of zinc in the plant are considered normal in rice, with higher values in 
roots than in grain and stem. Considered toxic values exceed 1500 ppm in the stem and the 
deficiency is less than 10 ppm in grain. 
Also this plant nutrient acts together as a system that concentrates most of the 
accumulated zinc in soils. 
 
CONCLUSIONS 
  
On the ground for the metals, concentrations in the root tend to be higher in the stem, 
and these almost always higher than the grain. This means that not only the soil can act as a 
filter for heavy metals, but also the plant that extracted from the ground but that its 
concentration in the grain is not significant, which is the end of the day which reaches the 
consumer. Always keep in mind when analyzing the results that some of these can happen to 
people or animals as well, and bioaccumulation, back to the people, where small amounts 
become toxic as is the case of boron, cadmium, chromium or nickel. Precisely because this is 
a problem to resolve the fate of litter. 
In a parallel study which analyzed the soil, there were total contents of some heavy 
metals relatively high in the upper soil layers, which does not imply that they are the 
concentrations in the soluble fraction of the soil. It is where they are available to the plant and 
where they can pose problems of toxicity. The pH values of the studied soils, most metals are 
very little available in the soil solution. Of the metals studied, only iron is absorbed by the 
culture in a relevant way, because there is less concentration of this element at the level of the 
root at greater depths.  
This means that not only the soil can act as a filter for heavy metals (basic soils in 
local conditions of the experiment, soils and conditions typical of the Mediterranean), but 
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also the plant removes some of these from the soil, without reaching the grain and hence the 
consumer.  
So much for them as for other heavy metals is difficult to determine whether the 
concentrations in plants are due solely to the contributions from wastewater or that fertilizer 
and crop protection products applied to are another important source of these metals. Thus, 
some fertilizers used in the rice fields of the area incorporating Cd, Co, Cu, Zn, Fe and Mn, 
while pesticides are normally used as components Cd, Co, Cu, Ni, Pb, Zn, Fe and Mn 
(Gimeno, Andreu and Boluda, 2001). 
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